Dietary intake of sugar and oral health status may be considered for controlled clinical trials with special emphasis on the antibacterial activity of miswak on cariogenic bacteria for a longer period of time. A toothbrush with and without toothpaste should be compared with miswak alone. Further research is needed with a larger sample size.
The Immediate Antimicrobial Effect of a Toothbrush and Miswak on Cariogenic Bacteria:
A Clinical Study
The aim of this study was to assess the antimicrobial activity of the miswak chewing stick (Salvadora persica) in vivo, especially on streptococcus mutans and s lactobacilli. The study was conducted clinically using patients' saliva and measuring the effect of miswak (chewing stick), miswak extract, toothbrush, and normal saline on mutans and s lactobacilli. Forty male subjects aged 20-45 years were included in the study; there were four groups of ten subjects each. For the study, 50% of miswak extract (solution) was used. The levels of mutans streptococci and i lactobacilli were measured using commercially available Vivacare line CRT (Caries Risk Test) i bacteria 2 in 1 kit.
The results showed there was a marked reduction of streptococcus mutans among all groups. When the groups s were compared, the reduction of streptococcus mutans was significantly greater using miswak in comparison to s toothbrushing (p = 0.013), and there was no significant difference for lactobacilli reduction (p = 0.147). It may i be concluded miswak has an immediate antimicrobial effect. Streptococcus mutans were more susceptible to s miswak antimicrobial activity than lactobacilli.
Introduction
Oral hygiene measures have been practiced by different populations and cultures around the world since antiquity. Chewing sticks were used by the Babylonians some 7000 years ago; they were later used throughout the Greek and Roman empires and have been used by Jews, Egyptians, and Muslims. Today they are used in Africa, Asia, the Eastern Mediterranean region, and South America. 1 The most common source of miswak (chewing sticks) is Salvadora Persica, a small tree or shrub with a crooked trunk. The stems and roots of the plants are spongy and can easily be crushed between the teeth. Pieces of the root are usually scented and become soft when soaked in water. 2 Several studies have reported on the antibacterial effects of chewing sticks on cariogenic bacteria and periodontal pathogens, particularly bacteroides species [3] [4] [5] and inhibitory action on dental plaque formation. 6 Recent studies on miswak have improved the understanding about various factors of miswak, e.g., age, size, thickness, and its freshness. 7, 8 The comparison of antimicrobial activity in aqueous and alcohol extracts has been made. 9 However, a review of the literature has shown no previous investigation has assessed the comparative antimicrobial activity on salivary streptococcus mutans and s lactobacilli using i miswak and a toothbrush.
The aim of this study was to assess the antimicrobial activity of miswak extract, the use of a toothbrush alone, and saline on salivary streptococcus mutans and s lactobacilli in vivo. This research project was registered and approved by the College of Dentistry Research Center (CDRC) ethical committee.
Material and Methods

Preparation of Miswak Extract
A sample of the most commonly used chewing sticks in Saudi Arabia, of which the color and scent indicated that it came from an Arak tree (Salvadora persica), was collected from Gizan province in Saudi Arabia.
The fresh miswak was cut into small pieces and allowed to dry at room temperature for two days. Then it was ground to powder in a ball mill. Successive 10 gram quantity was put into sterile screw-capped bottle to which 100 ml of sterile deionized distilled water was added. The extract was allowed to soak for 48 hours at 4°C and then centrifuged at 2,000 rpm for 10 mins. The supernatant was passed through filter paper (0.45 µm pore size) and the extract was prepared at 50% concentration. The extract was stored at 4°C and used within one week.
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Subject Selection
Forty male subjects, 20-45 years of age, were selected from the periodontal clinics at King Saud University, College of Dentistry, Darriyah Campus. The selected subjects were medically healthy with no systemic diseases and had not used any antibiotics or antiseptic mouthwash during the last two weeks. Smokers were not included in the study.
The subjects were divided into four groups with 10 in each group.
Group 1 -Miswak Group
Ten subjects were asked to use fresh miswak for 6 minutes in clinic. A stimulated saliva sample (2 ml) was collected before and after the use of miswak by expectorating into a sterile glass test tube.
Group 2 -50% Miswak Extract (Solution)
Ten subjects were asked to rinse with 50% miswak extract of 5 ml for 6 minutes. A stimulated saliva (2 ml) sample was collected before and after the use of the miswak extract (solution).
Group 3 -Toothbrush
Ten subjects were asked to brush their teeth with a new Colgate toothbrush (medium texture) for 6 minutes. A saliva sample was collected before and after toothbrushing.
Group 4 -Saline (Control)
Ten subjects were asked to rinse with normal saline (5 ml) for 6 minutes. A 2 ml stimulated saliva sample was collected before and after rinsing with saline.
Collection of Saliva
Stimulated saliva was collected at baseline and after use of the miswak extract, toothbrush, or saline.
The subjects were given a small piece of paraffin wax (1 cm long) and asked to chew for a period of 30 seconds then to swallow any saliva but not the paraffin. Thereafter, the subjects continued to chew the wax and saliva was collected at two minute intervals for a total period of six minutes. The accumulated saliva was used for subsequent tests.
Salivary Levels of Mutans Streptococci and Lactobacilli
The levels of mutans streptococci and i lactobacilli were measured using commercial caries risk test, Vivacare line CRT (Caries Risk Test) bacteria 2 in 1 kit, (Vivadent, Liechtenstein/Europe). The kit is comprised of a slide attached to the cover of the vial. The commercial product had one side of the slide coated with a solid selective culture medium (mitis salivarius agar enriched with sucrose) for the cultivation of mutans streptococci, while the medium on the other side of the slide (Rogosa agar) was for the cultivation of lactobaccili. The salivary samples were used per the instructions of the manufacturer. The samples were incubated at 37°C for 48 hours. (Figure 1) Growth density of the bacteria was evaluated under good lighting conditions by the naked eye and as per manufacturer's instructions. Bacterial growth was then scored by comparing with standards expressed in colony forming units (cfu) provided by the manufacturers as follows: A pilot study was carried out to familiarize and standardized the procedure.
The data was entered using Fox Pro Software Program and analyzed by Statistical Package for Social Sciences (SPSS) version 10. Frequency distributions, mean, and standard deviations SD were generated. Kruskal-Wallis Test and Post Hoc Tukey Test were then used for comparison. The significance level was set at the 0.05 level.
Results
The results showed there was a marked reduction of mutan streptococci after using different agents, i i.e., miswak, 50% miswak extract, toothbrush, and saline ranging from score 1 to 3 in different groups but the largest reduction was among the miswak group (Table 1 ).
In the miswak group 10% did not show any change, while 90% showed change in antibacterial activity. As far as reduction of lactobacilli was i concerned, this was less as compared to mutans reduction ( Table 2) .
While comparing between the groups, miswak was significant in comparison to the toothbrush in reducing mutans (p = 0.013) (Figure 1 ).
In group comparisons, there was no significant differences for lactobacilli reduction (p = 0.147) (Figure 2 ).
Discussion
The selection of miswak from the Salvadora persica tree for the present study was based on a number of factors. The use of miswak is most common in the Middle East region, its taste is not unpleasant, it is inexpensive, and has been reported to have anti-plaque and many pharmacological properties. 10 The study for the bacterial count used the dipslide method 11 for culturing both mutans streptococci and i lactobacilli. The method is easy, simple, valid, and has been shown to be as accurate and reliable as the conventional culturing method. 12 ( Figure 3) Saliva was used for the bacterial count instead of plaque samples because saliva represents the oral load of the microorganism as well as their average colonization in the dentition. 13, 14, 15 On the other hand, plaque samples represent only a single site, and there is a wide variation in bacterial numbers among different tooth surfaces. 16 In addition, the collection of the plaque mass is difficult, time consuming, and one can easily miss a key area when collecting the samples. 17 In the present study, there was significant immediate reduction in streptococcus mutans while s comparing miswak with toothbrushing. There was no significant difference in lactobacilli count i among the four different groups. This may be due to the amount of lactobacilli present in saliva i at the time of collection.
There are studies on the comparison of toothbrushes and miswak for plaque removal, but so far no data are available on salivary bacterial count reductions by using the dip-slide method along with the use of miswak with a toothbrush. Low dental caries among miswak users has been reported in epidemiological studies. In a dental health survey in the Sudan, Emslie 18 reported for the first time there are fewer caries in people using chewing sticks than in those using toothbrushes. Low caries prevalence among chewing stick users has been reported despite the intake of a carbohydrate -rich diet and lack of modern dental prophylactic measures. 19, 20 In general, the Namibian muthala users had a relatively low caries rate. 21 In a study from Zimbabwe, it was found children who used chewing sticks for oral hygiene had fewer caries lesions than children who brushed their teeth with a conventional toothbrush and paste. 22 The in vivo cariogenic salivary bacterial count reduction may be considered an explanation for the above mentioned epidemiological studies on miswak and dental caries.
The therapeutic and prophylactic effects of chewing sticks may be due to mechanical cleaning, the potential release of biologically active chemicals when used, and/or a combination of both. The substantial amount of silica detected in S. persica ashes has been suggested to contribute to a miswak's mechanical action in plaque removal. 22 However, literature regarding the mechanical cleansing efficacy of miswak, as compared to the 
Conclusion
Within the confines of the present study, the following conclusions can be drawn:
1. The clinical study showed there was a reduction in microbial count by all agents used in different groups. 2. Miswak extract (50%) demonstrated antimicrobial activity. (reduction in bacterial count). 3. Streptococcus mutans counts were reduced s more through the use of miswak than by using a conventional toothbrush in salivary bacterial counts. 4. Lactobacilli reduction was not significant in i group comparisons.
It is recommended further research should be carried out on a larger sample size. Salivary bacterial count, dietary intake of sugar, and oral health status may also be considered. Controlled clinical trials are needed to find out the effect of Salvadora persica on cariogenic microorganisms in comparison with a toothbrush, with and without fluoride toothpaste, for a prolonged period of time to assess the substantivity of the tested material. Controlled clinical trials are needed to determine the substantivity effect of Salvadora persica (miswak) rather than the washing effect on cariogenic microorganisms. Further work is needed for comparison of the toothbrush, with and without toothpaste, and miswak because miswak contains both chemical and mechanical factors. manual or electric toothbrushes, has been quite scarce. Current studies available frequently lack specific details concerning the time, duration, and frequency of their use which prevents meaningful assessments of the mechanical cleaning effect of miswak upon oral health. 23 As the chewing stick is often left in the mouth for some time post cleansing, the enhanced salivation may also promote better cleansing and thus maintenance of oral health. 24 In a recent study 25 to determine whether use of miswak as a toothbrush affects the proportion of streptococci present on the tooth surface, 30 i volunteers were instructed to use a commercially prepared miswak twice daily for 14 days as an adjunct to their normal oral hygiene practice. It was found that six of the participants (20%) experienced a decrease in the proportion of total mutans streptococci of more than two orders of i magnitude which was restored after cessation of miswak use.
